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ABSTRACT 1 
Concentrations of PAHs, OCs, PCBs and trace metals were determined in the white muscle of sand 2 
flathead Platycephalus bassensis collected at 6 locations in Port Phillip Bay during 2015. No PAHs, 3 
OCs or PCBs were detected in the white muscle of sand flathead at any of the locations, however 4 
measurable levels of As, Cu, Hg, Se and Zn were detected at all sites. Only As and Hg exhibited 5 
regional difference in white muscle concentrations, with As present only in a non-toxic organic form 6 
and Hg measured at levels that are comparable to levels reported in reference sites in other studies. 7 
All contaminants detected in the white muscle of sand flathead collected in Port Phillip Bay in 2015 8 
were below Australian Food Standards guideline values, and by world standards, the Port Phillip Bay 9 
sand flathead population is considered minimally contaminated. Furthermore, tissue contaminant 10 
concentrations appear to be decreasing over time. 11 
  12 
Most major cities of the world are located near sheltered embayments which facilitate transport of 1 
goods by sea, provide recreation and amenity and offer protection from open coastal weather 2 
extremes. However, embayments are susceptible to environmental pollution via industrial use of 3 
their banks and urbanisation of their catchment area. Port Phillip Bay is an example of a typical 4 
urban embayment. The catchment includes large urban areas from the Cities of Melbourne and 5 
Geelong with a population exceeding four million. The Bay is 1930 km2 with a coastline length of 264 6 
km (Sampson et al., 2014) and is relatively shallow with half of the 26 km3 volume occupying areas 7 
less than 8 m deep and the narrow southern entrance, resulting in a flushing time of up to 12 8 
months (EPA Victoria, 2011). The land catchment covers an area of 9,790 km2 and includes industrial 9 
zones that contribute heavy metals, organic contaminants and industrial chemicals, as well as urban 10 
and rural areas which provide nutrient and biocide inputs into the Bay.  11 
 12 
Initial studies of toxicants in the Bay, in the early 1970s, focussed on nutrients but subsequent 13 
studies in the late 1970s included measurements of metals of concern, namely cadmium, mercury, 14 
zinc and copper which were elevated in molluscs (Phillips et al., 1992). Later investigations in the 15 
1980s included organic contaminants, and established that elevated concentrations of polycyclic 16 
aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) were found in parts of the Bay 17 
(Phillips et al., 1992). Of special concern was the discharge of Kororoit Creek into the northern side 18 
of the bay, carrying significant loads of mercury (Hg), copper (Cu) and chromium (Cr) from industrial 19 
discharges (Scott and Christoff, 1988). Monitoring programs concerned with the deteriorating 20 
ecological health of the Bay were established, and contaminant levels were measured in various 21 
environmental compartments including water, sediments and fish. The first comprehensive study of 22 
Port Phillip Bay included the study of physical and ecological processes governing the Bay as well as 23 
nutrient and toxicant inputs. Harris et al. (1996) found that overall found that overall the Bay was 24 
relatively unpolluted but hot spots of contamination were identified in highly 25 
industrialised/urbanised areas, with major inputs via direct effluent discharge from large industries 1 
or via the Yarra River flowing through Melbourne. Important measures were taken to protect Port 2 
Phillip Bay from detrimental effects of contamination: firstly, a system of licensing discharges which 3 
improved the quality of urban and industrial effluents entering the Bay was instated, and secondly 4 
the creation of management zones for specific tasks such as wildlife protection and aquaculture 5 
(Phillips et al., 1992). The water quality of the Yarra River and of Kororoit Creek has been further 6 
improved through increased sewering of catchments and diversion of industrial discharges into the 7 
sewerage system (Sampson et al., 2014; Scott and Christoff, 1988). 8 
 9 
A key bioindicator species that has been used to monitor pollution in Port Phillip Bay is the sand 10 
flathead (Platycephalus bassensis), which is an iconic and recreationally important fish species. Sand 11 
flathead are long- lived carnivorous ambush predators that conceal themselves in fine sediments 12 
and are not strong swimmers and therefore believed to be representative of the area from where 13 
they are collected (Fabris et al., 1992). During the late 1970’s, sand flathead collected in Port Phillip 14 
Bay had a mean mercury concentration of 0.5 mg/kg in edible white muscle but this level had 15 
declined to 0.23 mg/kg in the early 1990s, and to 0.16 mg/kg by the mid-1990s (Fabris, 1995). Whilst 16 
in the early 1990s, levels of organochlorine pesticides, PAHs and PCBs were mostly below the 17 
detection limits in the white muscle of sand flathead collected from various parts of Port Phillip Bay. 18 
Nevertheless,  a study conducted in 1999 in urbanised areas of the Bay reported measurable levels 19 
of PAH metabolites in sand flathead biliary secretions, which are suggestive of recent exposure to 20 
petroleum hydrocarbons of pyrolytic origin (Gagnon and Holdway, 2002). Since Port Phillip Bay is a 21 
major seafood source for the city of Melbourne (Hirst et al., 2014) it is imperative to have ongoing 22 
monitoring of the Bay’s health status.  23 
 24 
In the past decade, the continuous improvement of wastewater management by the city of 1 
Melbourne aimed at preserving water quality and ecological integrity in the Bay, however 2 
substantial population growth on the shorelines of Port Phillip Bay could intensify pollution inputs in 3 
the future. To evaluate the current health status of sand flathead in Port Philip Bay, a comprehensive 4 
study was undertaken in 2015 which included the measurement of a suite of physiological and 5 
biochemical parameters (Baker et al., in prep.) complemented by the determination of 6 
contamination levels in the white muscle of sand flathead. The suite of contaminants analysed 7 
included polycyclic aromatic hydrocarbons (PAHs), organochlorine pesticides (OCs), PCB congeners 8 
(PCBs) and ten metals commonly found as pollutants in urban or industrialised environments. It is 9 
expected that the information reported here will be useful for long term monitoring and 10 
management of the Port Phillip Bay environment.  11 
 12 
Skinless white muscle samples were collected from 96 sand flathead originating from six separate 13 
locations within Port Phillip Bay during February 2015 (Fig 1.), as per the Department of Environment 14 
and Primary Industries permit No. RP1216. The fish were captured by hook and line and kept in 15 
aerated live tanks on board the boat, then brought back to the laboratory where they were 16 
sacrificed by iki jime (Robb et al., 2000) as per Curtin University Animal Ethics Permit # AEC-2015-05. 17 
Physiological parameters were recorded and biopsies of blood, liver, bile, brain and gonads were 18 
collected for biomarker analyses, and otoliths were retained for age determination. All tissues were 19 
collected within 10 minutes of death. Fish were immediately filleted, and a white muscle sample was 20 
placed in HPLC-grade methanol rinsed aluminium foil and stored at -20 oC prior to chemical analysis. 21 
Pooled samples of white muscle from 3 fish of similar size and sex (collected within one location) 22 
were submitted for chemical analysis. 23 
 24 
Determination of organochlorine (OCs) pesticides and polychlorinated biphenyls (PCBs) in muscle 1 
tissue was conducted by the National Measurement Institute (NMI, North Ryde, New South Wales), 2 
according to the USEPA methods 3540C and 3620B (US EPA, 1996a, 1996b). Briefly, homogenised 3 
tissue samples were mixed with anhydrous sodium sulphate and extracted using a hexane:acetone 4 
mix. The extract was cleaned up by gel permeation chromatography (GPC) and the final extract was 5 
analysed by GC-ECD (dual column).  6 
 7 
Polycyclic Aromatic Hydrocarbons (PAHs) were also analysed by NMI, according to the US EPA 8 
method 8270D (US EPA, 1998). Homogenised muscle samples were extracted with 9 
dichloromethane/acetone, cleaned up using GPC and  silica gel, then analysed by gas 10 
chromatography with a mass selective detector (MSD) using electron impact-selective ion 11 
monitoring.  12 
 13 
Trace metal analysis of homogenised white muscle was conducted by NMI for the following 14 
elements: total arsenic (TotAs); inorganic arsenic (InorAs); total mercury (TotHg); copper (Cu); zinc 15 
(Zn); cadmium (Cd); chromium (Cr); nickel (Ni); silver (Ag) and selenium (Se). These elements were 16 
analysed according to the USEPA methods 6010C (US EPA, 2000) and 6020A (US EPA, 1998) and to 17 
the AOAC methods 986.15 (AOAC International, 2002) and 974.14 (AOAC International, 2002, 18 
2002a). The homogenised samples were acid-digested then analysed for trace metals using 19 
inductively coupled plasma-mass spectrometry (ICP-MS) and/or inductively coupled plasma-atomic 20 
emission spectrometry (ICP-AES). 21 
 22 
Inorganic arsenic was measured using the hydride generation ICP-MS technique, which measures 23 
total acid extractable As+3 and As+5 from inorganic arsenic compounds plus arsenic from the partial 24 
decomposition of monomethylarsenate (MMA), as per the method of (Holak and Specchio, 1991).  25 
For all chemical analyses, at least one blank, one duplicate, one blank spike, one sample spike and 1 
one laboratory control sample was measured for every 20 tissue samples. QA/QC also included the 2 
use of relevant certified reference materials . Limits of detection are as follows: PAHs 0.01 mg/kg; 3 
OC Pesticides 0.01 mg/kg; PCB congeners 2.0 µg/kg; total recoverable trace elements: total As, 4 
inorganic As, Cr 0.05 mg/kg; Ag 0.02 mg/kg; Cd, Cu, Pb, Hg, Ni, Se, Zn 0.01 mg/kg. The blanks were all 5 
below the limits of detection, the percent recovery of the spiked samples ranged from 95% to 103%, 6 
and sample duplication relative percent difference was between 4.8% to 15%. Concentrations are 7 
reported as either µg/kg wet weight (PCB congeners) or mg/kg wet weight (PAHs, OC pesticides, 8 
trace metals).  9 
 10 
To evaluate moisture content, a subsample of 2-5 g pooled white muscle from each field site was  11 
placed in a drying oven at 102°C for a minimum of 4 hours, then weighed and returned to the oven 12 
for a further 1 hour. The weighing and drying process was repeated until a constant weight was 13 
obtained. The measurements of moisture are provided in Table 1 to allow for calculations of 14 
contaminant burdens on a dry weight basis for comparisons to other results where relevant. Lipid 15 
content was similarly determined in a pooled sample of white muscle from each field collection site. 16 
Briefly, a 2 g subsample was digested in 10 mls of 10% hydrochloric acid at 80 °C for 30 minutes. The 17 
mixture was transferred to a Mojonnier tube, and the lipids extracted by successive solvent 18 
additions.  Following each solvent addition, the organic layer was decanted from the Monjonnier 19 
tube into a pre-weighed glass dish. Once all extractions were completed, the organic extract was 20 
evaporated and the dish was placed in a drying oven at 102°C until a constant weight was achieved. 21 
Lipid content values are provided in Table 1 to allow for calculation of contaminant concentrations 22 
on a lipid weight basis, to enable comparisons with other studies.  23 
 24 
Data were analysed using univariate analysis of variance (ANOVA) with Tukey B post-hoc tests to 1 
compare metal levels in muscle of sand flathead collected at different sites. Fish size (as measured 2 
by total length or weight), moisture content and percentage lipids in white muscle were also 3 
compared using ANOVA. Potential relationships between Hg tissue levels and size (length or weight) 4 
and age were evaluated using correlation analysis. All data were tested for homogenous variances 5 
(Levene) and normal distribution prior to running the statistical tests. Physiological parameters and 6 
trace metal values were log10-transformed prior to being statistically analysed.  7 
 8 
No PAHs, organochlorine pesticides or PCBs were detectable in any of the samples of sand flathead 9 
white muscle collected throughout Port Phillip Bay in 2015. Similarly, inorganic As, Cd, Cr, Pb and Ag 10 
were all below the limits of detection. The only elements reported above detection limits were total 11 
(organic) As, Cu, Hg, Ni, Se and Zn (Table 2).  12 
 13 
Arsenic levels (mg/kg) were higher in composite samples collected from St Leonards and Sorrento 14 
than those from Hobsons Bay, Corio Bay or Geelong Arm; while Mordialloc arsenic levels were 15 
statistically higher than those in Geelong Arm and Corio Bay only (p < 0.001, Table 2). Mercury was 16 
highest in samples from Mordialloc followed by Hobsons Bay and Corio Bay, and there was a 17 
significant difference in concentrations between Mordialloc and St. Leonards (p = 0.011). 18 
Concentrations of Cu, Ni, Se and Zn in white muscle tissue were not statistically different (p > 0.05) 19 
amongst the various Port Phillip Bay sampling locations.  20 
 21 
Fish collected from Hobsons Bay were statistically (p < 0.001) larger in weight and length than fish 22 
originating from Mordialloc, Sorrento and St. Leonard but were similar to those from Geelong Arm 23 
and Corio Bay. There were no significant correlations between fish size (weight or length) or fish age 24 
and white muscle contaminant concentrations.  25 
 1 
Moisture content in the white muscle of sand flathead did not vary amongst the sites (p > 0.05) and 2 
neither did the lipid content (p > 0.05). Moisture and lipid content were not significantly correlated 3 
to age, total length or total weight of the fish.  4 
 5 
Early studies of contaminants in Port Philip Bay focussed on nutrient contamination and 6 
eutrophication, however, elevated concentrations of heavy metals, PAHs and PCBs have also been 7 
reported in sediments from different parts of the Bay (Harris et al., 1996). More recent studies 8 
concluded that sediment PCB concentrations were low in the Bay, and that the PCB levels measured 9 
were due to legacy contamination rather than recent PCB pollution (van Gelderen and Pettigrove, 10 
2011). In the present survey, PAHs, organochlorine pesticides and PCBs were not detected in the 11 
edible white muscle of sand flathead collected from any of the six Port Phillip Bay locations used in 12 
this study.  13 
 14 
Despite the fact that urbanisation has greatly increased in recent decades around Port Phillip Bay, 15 
contamination of biota seems to have historically been, and seems to remain, at very low levels as 16 
compared to other urban embayments overseas (Sampson et al., 2014). Urban environments often 17 
contribute significant amounts of PAHs into the surrounding waters, however, in the 1990s, as in the 18 
present survey, all sand flathead samples contained very low or undetectable levels of PAHs 19 
(Nicholson  et al., 1991). Fish can readily take up petroleum hydrocarbons from water, and PAHs 20 
have the potential to be detected in the muscle tissue following recent exposure (less than a week, 21 
(Gagnon and Holdway, 2000)). However, due to the rapid and extensive metabolism of PAHs by fish, 22 
standard chemical analyses of these compounds in muscle tissue are often inconclusive. In the past 23 
the Yarra River has been identified as a significant contributor of PAHs into the Bay however, but the 24 
river’s water quality has improved in the past 20 years through better sewering of domestic and 25 
industrial wastewaters (Sampson et al., 2014). In addition, the reduced usage of coal products and 1 
wood burning in the catchment are likely to contribute to declining levels of PAHs in the Bay. The 2 
present survey is the first that reports PAH concentrations in sand flathead white muscle below the 3 
limits of detection (0.1 mg/kg wet weight) using standard chemical analyses, suggesting indeed that 4 
concentrations of this group of contaminants are in decline. 5 
 6 
In 1990, the organochlorine pesticides dieldrin and DDT were identified as widespread contaminants 7 
in sand flathead white muscle, however in 1994, a follow up study reported that all organochlorine 8 
pesticides were below the 0.1 mg/kg detection limit (Fabris, 1995). In addition, the 1990 survey 9 
indicated that PCBs were detected in fish from all sampled sites (Nicholson  et al., 1991). The non-10 
detection of a comprehensive suite of organochlorine pesticides and PCB isomers in the 2015 11 
sampling suggests a temporal reduction of organic-type contaminant inputs in the Bay, which 12 
matches the progressive trend towards reduced contamination in biota that has been previously 13 
suggested (Sampson et al., 2014). 14 
 15 
As in previous studies (e.g. those reported in (Harris et al., 1996) and in Table 3), Cd, Cr, Pb, Ni and 16 
Ag content in the sand flathead collected in 2015 were at very low or undetectable levels. Other 17 
metals which are metabolically regulated e.g. Cu, Se and Zn were detected in all samples and each 18 
element showed comparable tissue concentrations across all sampling sites throughout the Bay. 19 
Tissue Cu concentrations appear to be reduced in the present study relative to historical levels, with 20 
ranges of 0.23-0.66 mg/kg in 1995 (Fabris, 1995) compared with  0.10-0.16 mg/kg in 2015. The 21 
average Se levels measured in 2015 were comparable to those measured in the same species 22 
collected outside the Bay in coastal waters (0.45 mg/kg and 0.49 mg/kg, respectively (Fabris et al., 23 
2006). While muscle Zn concentrations were comparable to levels measured 20 years earlier, which  24 
ranged from 3.8 to 6.8 mg/kg in 1995 (Fabris, 1995) compared with 5.93 to 7.16 mg/kg in 2015, the 25 
values are also comparable to the 5.0 mg/kg baseline levels measured in sand flathead collected in 1 
marine waters outside the Bay (Fabris et al., 2006). Thus it can be concluded that the metals Cd, Cr, 2 
Pb, Ni and Ag as well as Cu, Se, and Zn are not contaminants of concern for sand flathead inhabiting 3 
Port Phillip Bay in 2015.  4 
 5 
However, total arsenic and mercury have been detected in high levels in Port Phillip Bay waters, 6 
sediments and biota since the early 1980’s (Harris et al., 1996), and our results indicated that 7 
although these two elements also follow a temporal trend towards reduced levels in white muscle, 8 
As and Hg remain the only metal contaminants showing spatial differences in sand flathead collected 9 
in Port Philip Bay in 2015. Inorganic arsenic was not detected in measurable amounts in any of the 10 
pooled samples and therefore the edible portion of sand flathead collected throughout Port Philip 11 
Bay in 2015 is well below the Australian Food Standard guideline value of 2 mg/kg for inorganic As 12 
(Food Standards Australia New Zealand, 2014). It is well established that the arsenic present in fish 13 
muscle is mainly found as the non-toxic organic forms of arsenobetaine and arsenocholine (Ng, 14 
2005) which have little toxicological significance for human consumption. The origin of the arsenic in 15 
Port Phillip Bay is likely to be natural sediment mineralogy (Pettigrove and Hoffmann, 2003), with 16 
surface sediments leaching arsenic in the water column resulting in high (2.8 ug/L) concentrations of 17 
dissolved As (Fabris et al., 1999). Sand flathead are bottom dwellers living on sandy, shelly or muddy 18 
seafloors, and would experience higher exposure to sediment-released arsenic than other fish living 19 
in the water column, explaining why Port Phillip Bay sand flathead have a relatively high organic As 20 
muscle content relative to other reported levels, e.g. 0.17-0.48 mg/kg in Persian Gulf fishes (Raissy 21 
and Ansari, 2014), or 0.59-1.06 mg/kg in Malaysian fishes (Alina et al., 2012).  22 
 23 
It has long been recognised that urbanisation of shorelines can contribute to heavy metal loads of 24 
the surrounding waters, and Port Phillip Bay is no exception. Fish collected from Mordialloc, on the 25 
eastern side of the Bay, had the highest muscle Hg contents (average of 0.29 mg/kg) of all the sites 1 
sampled in the present study. Historical mercury sediment concentrations were found to be 2 
‘average’ at this site (Fabris et al., 1999), however, regional differences in Hg sediment content have  3 
previously been observed to not be correlated with sand flathead muscle tissue Hg levels (Verdouw 4 
et al., 2011). Rather, it has been suggested that in environments contaminated by Hg, size as 5 
measured by length is the best predictor of mercury levels in ten species of fish tested (Burger and 6 
Gochfeld, 2011). A similar observation was made in sand flathead collected in southern Tasmania, 7 
with age and length being significant predictors of tissue Hg levels (Verdouw et al., 2011). In the 8 
present survey however, fish collected in the eastern side of the Bay were, on average, neither 9 
longer, heavier or older than fish from other locations, and no correlations were present between 10 
length and Hg tissue levels, so the size-Hg tissue burden relationship observed in other fish species 11 
does not apply to the present investigation. Of all pools of fish analysed for chemical content, only 12 
one pool of 3 male fish collected in Mordialloc returned Hg levels of 0.54 mg/kg which is over the 13 
Australian Food Standard of 0.50 mg/kg (Food Standards Australia New Zealand, 2014). However, 14 
fish from this pool were of average size (total length 244-252 mm, total weight: 89-99 g), further 15 
confirming that length is not a predictor of Hg muscle tissue content in Port Phillip Bay sand 16 
flathead. While size was observed to be a predictor of Hg levels in other fish species, the minimum 17 
legal size of 27 cm total length for sand flathead (Victoria State Government, 2016) does not appear 18 
to increase the likelihood of unacceptable Hg consumption by the general population. 19 
 20 
The Hg muscle tissue contents of the fish collected at other locations in the Bay compared 21 
favourably to levels reported in reference sites in other studies. For example Verdouw et al. (2011) 22 
reported average Hg levels of 0.22 mg/kg in the muscle of sand flathead collected in a remote, 23 
unpolluted location in Tasmania while the Port Phillip Bay sand flathead muscle Hg concentrations 24 
(at locations other than Mordialloc) ranged from 0.10 to 0.20 mg/kg. Comparatively, Hg 25 
concentrations in the muscle of the farmed Japanese tuna Thunnus orientalis was 0.67 mg/kg 1 
(Hisamichi et al., 2011) but was much higher in wild individuals of this species captured in Japanese 2 
waters, at 1.45 mg/kg (Hisamichi et al., 2010).  3 
 4 
Overall, multi-decadal snapshot contaminant monitoring studies of the edible white muscle portion 5 
of sand flathead collected from Port Phillip Bay indicates a long term reduction of contaminant 6 
burden, with PAHs, PCBs, organochlorine pesticides and several metals being now under chemical 7 
detection limits, or at expected physiological levels. Similarly, As and Hg, whilst still detectable also 8 
show a lowering trend relative to the 1970s. Identifying the reasons for these declining contaminant 9 
levels in the edible portion of sand flathead is beyond the scope of the present study, however 10 
improved water quality management and a reduction in the usage of these chemicals are considered 11 
likely reasons for the declines observed.  12 
 13 
Port Phillip Bay appears to sustain a population of recreationally important sand flathead with only 14 
minor contaminant body burdens. None of the samples  contained measurable levels of organic 15 
contaminants (PAHs, organochlorine pesticides, PCBs) or some trace metals (Cd, Cr, Pb and Ag) in 16 
the edible portion of white muscle tissue, while Cu, Ni, Se and Zn were present at typical levels 17 
which do not cause concerns for consumption of fish by humans. White muscle tissue levels of As 18 
exhibited regional differences throughout the Bay and were relatively elevated, (probably due to the 19 
natural sediment mineralogy of the area) but the organic form that it was observed in is considered 20 
to be of little toxicological significance for human consumption. Hg levels in white muscle were 21 
generally low throughout the Bay with slightly higher levels observed on the eastern side compared 22 
with other areas, but nevertheless, all concentrations reported in this study are close to (0.54 mg/kg 23 
– one pooled sample from Mordialloc), or lower than Australian Food Standard guideline levels of 24 
0.50 mg/kg. In conclusion, this study indicates that Port Phillip Bay supports a population of 25 
relatively uncontaminated sand flathead, and that contaminant loads in this species show a declining 1 
trend through time.  2 
 3 
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Table 1. Physiological parameters (mean ± SD, with ranges in brackets) of sand flathead collected at 6 
locations in Port Phillip Bay, Australia, in 2015. Values with different letters are statistically different (p < 
0.05). 
Site N† Total Length Total Weight White Muscle‡ 
  (mm) (g) Moisture (%) Lipids (%) 
Sorrento 18 247 ± 16.2 
a 
(207-279) 
91.5 ± 19.2 a 
(52-127) 
75.4 ± 0.64 a 
(74.5-75.9) 
0.88 ± 0.17 a 
(0.7-1.1) 
Geelong Arm 12 265 ± 26.7 
ab 
(225-309) 
120 ± 41.1 ab 
(71-211) 
76.4 ± 1.31 a 
(75.2-77.8) 
0.83 ± 0.25 a 
(0.6-1.1) 
St. Leonards 13 244 ± 13.9 
a 
(214-261) 
85.5 ± 15.9 a 
(53-108) 
77.0 ± 1.65 a 
(75.5-79.3) 
0.80 ± 0.16 a 
(0.6-1.0) 
Corio Bay 17 264 ± 38.8 
ab 
(217-368) 
127 ± 63.8 ab 
(60-312) 
75.1 ± 0.19 a 
(74.9-75.4) 
1.08 ± 0.33 a 
(0.7-1.5) 
Mordialloc 18 239 ± 22.4 
a 
(198-279) 
93.9 ± 26.6 a 
(54-144) 
75.7 ± 1.30 a 
(74.0-77.4) 
0.96 ± 0.18 a 
(0.7-1.2) 
Hobsons Bay 18 285 ± 45.0 
b 
(227-439) 
158 ± 98.0 b 
(74-522) 
75.1 ± 0.90 a 
(73.7-76.0) 
0.74 ± 0.22 a 
(0.5-1.1) 
† Weight and length averaged from all fish captured at each site  
‡ Moisture and Lipids measured on pooled samples. Ns for moisture and lipids as in Table 2.  
 
Table 2. Trace elements (mg/kg wet weight) found in the white muscle# of sand flathead collected from Port Phillip Bay in Feb/March 2015. Results are presented as the mean 
of the composite pools for each site (± SD where possible). Values with different letters are statistically different (p < 0.05). Note: figures with < amounts are below the limits 
of detection. 
Site Na Tot As Cd Cr Cu Pb Hg Ni Se Ag Zn 
Sorrento 4 7.30 ± 1.14 c <0.01 <0.05 0.16 ± 0.05 a <0.01 0.14 ± 0.04 ab 0.02 ± 0.00 a 0.45 ± 0.06 a <0.02 5.93 ± 1.69 a 
Geelong Arm 3 2.13 ± 1.36 a <0.01 <0.05 0.11 ± 0.01 a <0.01 0.12 ± 0.04 ab 0.02 ± 0.01 a 0.45 ± 0.06 a <0.02 6.97 ± 0.25 a 
St. Leonards 4 7.87 ± 2.23 c <0.01 <0.05 0.13 ± 0.01 a <0.01 0.10 ± 0.04 a 0.02 ± 0.00 a 0.44 ± 0.07 a <0.02 6.70 ± 0.90 a 
Corio Bay 5 2.38 ± 1.28 a <0.01 <0.05 0.10 ± 0.01 a <0.01 0.19 ± 0.06 ab 0.02 ± 0.01 a 0.47 ± 0.04 a <0.02 7.16 ± 0.63 a 
Mordialloc 5 6.40 ± 3.10 bc <0.01 <0.05 0.14 ± 0.00 a <0.01 0.29 ± 0.14 c <0.01 0.47 ± 0.05 a <0.02 6.34 ± 0.37 a 
Hobsons Bay 5 2.89 ± 1.68 
ab 
 <0.01 <0.05 0.11 ± 0.01 
a <0.01 0.20 ± 0.12 ab <0.01 0.42 ± 0.04 a <0.02 6.46 ± 0.95 a 
# Each sample consisted of composite pools of 30g fillets from 3 fish of similar size and sex caught at the same site (3 x 10g from each fish) 
 
 
Table 3. Historical trends in metal contaminant burdens (mg/kg wet weight) in sand flathead fillets collected from Port Phillip Bay.  
Date of collection Tot As Cu Hg Ni Se Pb Zn Reference 
1975-78 - - 0.50 - - - - (Walker, 1982) 
1990 - - 0.23 - - - - (Fabris et al., 1992) 
1994† 8.3 0.36 0.13 0.05 ns <0.05 4.98 (Harris et al., 1996) 
2003 13.0 0.13 0.21 - 0.49 0.05 5.0 (Fabris et al., 2006) 
2015† 4.83 0.13 0.17 0.01 0.45 < 0.01 5.59 Present study 
ns: not specified   † averaged from 6 locations within the Bay   - : not analysed 
Figure 1. Sampling locations in Port Phillip Bay, 2015. 
 
